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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a high-quality thin film to match a bulk single crystal thin 
film and to form a semiconductor device which is excellent in characteristics. 
"SOLUTION: A channel layer 1 1 is formed of a semiconductor layer, such as a zinc oxide ZnO 
layer. A source 12, a drain 23, a gate 14 and a gate insulating layer 15 are provided on the layer 
11 and an FET is formed. As the material for a substrate 16, a proper one is selected in 
consideration of the matching property of the grating constants of the substrate 1 6 and the 
layer 1 1 with each other according to the thin film material for the layer 1 \. For example, if the 
semiconductor base of the layer 1 1 is assumed to be a ZnO thin film, a ScAIMg04 thin film or 
the like can be used as the material for the substrate 10. 
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A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the present invention. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 

[0010] 

[EMBODIMENTS] 

(1) Field Effect Transistor: FET 

Each of Figs. 1 is a cross sectional view illustrating a 
semiconductor device of Embodiment 1 according to the 
present invention. See Fig. 1(A). The semiconductor device 
of Embodiment 1 relates to an FET, and includes a 
channel layer (semiconductor layer) 11, a source 12, a 
drain 13, a gate 14, a gate insulating layer 15, and a 
substrate 16. Specifically, the channel layer 1 1 is formed 
on the substrate 16. Formed on the channel layer 11 are 
the gate insulating layer 15, the source 12, and the drain 
13. Formed on the gate insulating layer 15 is the gate 14. 

[0012] 
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The following explains respective materials of which 
components of the semiconductor device are made. Each 
of the materials is a major feature of the present invention. 
Firstly, the channel layer 11 is made of either a 
semiconductor having a suitable conductivity or an 
insulative semiconductor, in consideration of a structure 
of an FET. Examples of the material of the channel layer 
11 include: (i) well known semiconductor materials; and 
(ii) group II oxides such as zinc oxide ZnO, magnesium 
zinc oxide Mg x Zni- x O, cadmium zinc oxide Cd x Zni_ x O, 
cadmium oxide CdO, and the like. Alternatively, the 
channel layer 11 can be made of gallium nitride GaN, 
aluminum nitride A1N, indium nitride InN, or a group III 
nitride such as InGaN or AlInN. Moreover, the material of 
the channel layer 1 1 is free from doping, i.e., is either a 
pure thin film material or a substantially pure thin film 
material. Alternatively, a material to which the doping is 
carried out may be used as the material of which the 
channel layer 1 1 is made. Further, the thin film material 
may be either an n-type semiconductor or a p-type 
semiconductor. 
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»ttlftl»tt Z n OtP©««tt¥*«t*ffll> S C t *s-C # 
So lfflS©ffi»*IRf3 ^STcSSi Lttt, «itK. 101 
7C^(Li. Na, K. Rb, Cs), Cu. Ag, A 
ul?#&S„ V0OT*£L-Ttt, N, P. As, Sb. 
Bi3?#£>So »2©iafi©J^JB«:te(,>"rt. 311 ©H 
*S©^SSrSiW Ofc «fc ^ CC. ?t*JHl 7i. ^-©gf 
I^WI4i|Hia©^©Wf4 ; &ffl0^ciSWJl 1 84. 
1 6 4©&*©ttf4©iSa*^btHi. «.^-S»©fiE^tt 
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[0 0 2 9 ] (3)*?^WXCD«tt 
feTBc. *§tm<D&mtj:WtL~C. mi(omm<onm<D 

.t^&scAi Mgo, m&jcitmztitcznomm 

[ o o 3 o ] miic wntmsmmB.vmitmiS'-oi'? 
m&gh<Dmn&&(Dm5mwm*mT . c©s-e«. s 

cAlMgO, i«lMt7 7^7i«± (a -A 1 
P=l/(e/iN„ ) 

[ 0 0 3 1 ] Z n 0**0fttt^it fe©i It . 
^igJI©^;^ 2 tiZo ^';^ZnO$mt f£ 

?£©§«!©£►<*: "OT^S,, — g£*©-tf:7y Y7lfi 

iSS^^l»„ ChtCfL, *^©ScAlMgO, 
»g±KZnO£JF2f&0/dgl^«. fiesfciitfgUT. 
»S*^-C . K ^ 3 < . Z n O A 1 

g©ii?IJ$J®H • ta^ffiH#*# <i5Ci *i"C$ -5>„ # 
»WC<fcS£ % ^©i^tc, * + >; 7»K#s 1 0 1 5 
cm" 3 Stt. m^KlS^6 0~70cm ! /Vsl 

[003 3H8K, mtmsmmBizmitmsj t> 

©ST«. S c A 1 MgO, SfiiRW? ? -rns 
±K^ft^ftZnO?g|g#^/$3ft/c*g^£, *«i^fiS 
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ft£„ COittt, z:frfa©&T-;EiSt©j2!ifcQz 

<*8fA> £. x#|Sj©*§^£&©jM$tQx (WM) £© 

( a ) ttlf A X©j£|t ( b ) &-?iBMR(Z>*> 6 * . 

(c) *mi#fci©*>6af (-tif^**) -en-e 

<b L-T. ZnO (1 14) (Cot,>T©#tt£*rr#\ 0 
*rffi<115>. ( 1 04). ( 1 0 5) ©&*tcoc» 

[0034] 0^© j: 5«c. *^(c«fc-5»i, ee^tctb 

( a ) X*s^:# < . ( b ) fe+ffirSmoiQ) 6 

If*i/JN$ < . fi-P. ( c ) tS-?-S77(S]©«9)e>r (*1f -f 
4>*X) -g-ur, #2S93tC<fc.2> 

Xf ?Mf B i^Sfe#fe B H a Z n Of 

^ + - y tc & -? r t, > -s ,"5#fc>a>& „ 

20 [0 0 3 5 ] 09iC. Xla? *>y3t7-^©^ffiig© 
B. ScAlMgO, I«JhSi>'t7 7-r7lfii©Z 

©(5>e>^ (*-tf-f**x) &iy'twvx*&-r<i>©-c* 
5. f^c*D%. ##SHj«/Xifga **>^*-^©4^8i 
^JfeWctfc/^-r/jN;*^©-^ cn6tcot,^r©# 

lMgO, »ffi£ffit,>£<L. (SMSS*i3 0 O'CSg© 

30 iBS-ef^L/fcZno^-cfe-crfe. fif*©if7T-r 

T««Lh(C 1 0 0 0°C-Cii»UfcS)gi|5ISS©*1f A 
1 * XSW -fXiftO. ^(CAC>IS Att©ffR% 

»i«teffittJW@c * 

[00361 I10K, «fli^ffi©¥«3 iCo^r©J:b 
©i^BJS^r^To HctO, *mX<iCJ:Z>S c A 1 MgO 
«i«Lh©ZnOiIM(i, '&%;<D?7 y ^7SI± 
©Z n OSEfliiiBteJt^T . ^ffi©Pilifb*5^©iC/jN$ l,i 

40 ct ^> < m*. it . tmstt w-awtc ^sii/ioo 

IMS) . *^rtt, Z n OS^ffitt. 0 . 2 6 n m 
<cf*S©l/2) X«0. 5 2 nm (cWft) ©Xf 

[003 7 1 H1 ik. ffi3R»K©asasts??tt«:-3 
nr©Jt^siW04^-r o c©s«. *««©scai 
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7J5!5g©#tffi0£nrf . SI 2 (A) K7n;*ft.5>Jg3©H 
S6©J$8W:. F ETCcwrS4>©-c. ^r*;IW12 1. 
V-X22. KW>23\ y-H24. y-h*6&B 
2 5. *«2 6 SHI**,., i«2 6©±(CV-X2 2R 
O*KH'>2 3*i0^$n€>„ cn64S^ <fcMc. 9- 
+ *JUJ12 1*^523 n-So y + *;H12 HC«. ?6 
ft. y-HB«UB2 5*J»fiS3hS. y-hj6S12 5 
©±CCtt, y- h 2 4jW&)SS*i*. CCTtt. y-h 
2 4, y- hf6MU| 2 5SO*f + *;H12 1 MIS 

[ 0 0 3 9 ] H 1 2 ( B) «> 1*3 ©2gtt©JftR©£ft$ 
~C$>*). mi 2 (A) (C^StlfcfeOit*. y- hlftJi 
12 5^M?tirfc6,f, y- h 2 '4ift *->W12 

1 £#'>a 9 h*-«^©«Jii«Cori,»*. 01 2 

<a) ©«fc5tcy-hiBiw2 5**rr$ia-&tt. y- 

h©EPJjn^)I©^M*^d:t^ ctt«:*tU 012 
(B) ©J:5Ccy- hf6ttW2 5£WU&<,>t§^tt. y 
- h - y-xp^y- h - F W >n©tttHttEtfffi 
<&3. Sfc. c ©*§-£■«. SSf3tya-te* tiffin ££c 

KW>2 3©«BHsTO£. «R2 6X«y-h*ft»Jl 

2 5 ©tm t « . w^ott^-saBtjwis^-r a «t 5 «c . as 

!&©»<&-£*>■£ (, > £ C £ # 5 . 

[0040)il3(C, #fPJtC&3¥agf*TV^X© 
^4©^JS©^SS©»rffl0^-r„ IM ©*»©»* 
tt. FET{ClWr5fe©r*«). ft^JH3K V- 
X3 2. FU-f>33, y-h 3 4. y- hH6IMI3 
5. S&3 6£(fx.£,, ifi3 6©iK?t*;H3 1 

y + *jujt3 1 y-h*g#ii35 
y- vmmm 3 5 ©±tu;t, y- h 3 4 a* 

M3tl5„ y-X3 2WFU-f>3 3tt, 0(lx.«, 
y- H6HW3 5%v^^t-r4SC«tX«^*>aA« 
tc«fcf5. MJti^cims. Site. c©HSS0"l© 

[0041] cne©«)jSc«:*5t^r4>. sis^2© 

^©J&J&rs&IB b te J: 5 {C . ?tWB21 ©«K# 
*4£ . 2 6 X«y- h*fcliJf 3 5 £©**««. Pa^ 

©ttme&asg^-rsj:^ mM(om.^t>it^m^ 

ct; 5 tc . * + * ju® 3 1 ©s^tms vwmo k - f 
>yfi«:i£;Gr, ^**;UB3 1 £SS3 6 £©ratc 
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tt. MWB£3 6Kl<Ix.£C£#-Ci*.5 <> fcfc. ±&© 
ta^. g-#t/dtg^©*m«. mi©SO'^2©Hig©» 

[0 042 ] ( 4 ) #S3fc§t^ 

S14tc, ^WC^4¥jS(*y^-Y^©m5©HJS© 

^©Kffia^r^-To c©nss©ff^tt. u— yy-Y* 

Ittl4 2, nff5$i(*14 3, Wi;RC«&2©*S4 
10 5M1S4 6, »R4 7*flM.4. 

[0043]^14 1B. Pl$ift4 2inif« 

i*4 3tc^snr*j«3. K-tf>yLri&i»z 

nOWfcO. (Mg, Zn) ORyZnO©«l,> 
J?3©^Jll«-C*aEKT £££#■?££„ £Om-&, Zn 
0«#^H<!:P?«n. (Mg. Zn) OJItt^y 7Jg£ 
Pf«ft& &©-<?£>&„ Site, fFiC/OFftyT'j: 

§mm4 i©Kotm«iittt. (zn, cd) 

OR^Z n 0©^JH# ji. (Mg. Zn) OS[>*(Z 

20 n. cd) ocD&mmmmzm^&ctfrvzz. $e> 

[0044] Cn6p)^ftt4 2Syn^#($4 3 
©*m©-<-;* £ m l ©3Hffe©»»-rifi^3teS 

tt. P)gZnO^©lllgi^b^XWp^Ga 
N. AIR, InGaN. A 1 I n N^©n:d£Sf 

pff$zno©is^w. ma. imTtm 

30 (Li.Na, K, Rb, Cs). V^tcS (N. P. 
As. Sb, B i ) £ K-yi/teZnO-e&£„ 
n^(*4 3ilt«, n^ZnO^©ll^ 
Wt«Bn^GaN, A 1 Na£©llli£S{t^#GM 
ShS. nfZnOCil^B, III^tc* 
(B. A 1 . Ga. In. Tl). vii^tc^ ( F . C 
1. Br, I) 5: K — y OfcZ n 0"C&£ 0 Ctl6©^ 

7c^©K-yatt, ^©^a. «s % mm&. 

CC)CoDr®fi©S£-r-5C£)!)Sr#-S 0 ^2©«l@ (n 
mmm) 4 6©W*4«. 09^.tf. m 1 ©HJS©ffJJ!|-cSi 
40 H^Lte. V-X12, KU-T>1 3Xtty-H4©W 
^£IU«©^©*5fflti64i-5)„ $1©11 ( P Sl>i) 
4 5itt«, Au. Pt. Ni/Ti (^JS 

[0 0 4 5] Ctl?>©«^Ctei,>tt. ^l©Hife©^ 
JBrt?WW03teJ:5K:. nW(*14 3 (S«4 7(c« 
^SnS^*(*Ji*Jp?g©£*l4pJB*»tt») ©«d 
«*4£. »«4 7©tmtt. W^Ctt^-jSftj&ifi^rS 
J:-5 0C. ®lC©^^t)-a-?rfflt,^C£7!)5T-*a o 
cc. ^2©JliS©ff^-CiftBjL-teJ: i 5K:, nJ^WJI 
50 4 3©aiBSW*4Ri>'^ ! fei©K-f>yatcit.D'r. n 
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mtmttm* 3 tm&4 i t<omc, mmmzz 

4 3 . §t?tm4 1 . 7CD^TX«-SP{CtS^^ 

[0 046] fcfc. ±iS©»5 ©IOt©JBJ»K4jt»r . 
*SKC«Rl/"C&t»Ji£. ««te£*3R©tmtt. IB 1 OS 
O'JB 2 ©SafiOJgJBTIttW Lfc fc©£ |H]J§©!&jJt£fflt,> 

[0 047] ( 5 ) 3tS?*ttjgi^S AW (Surface Aco 
ustic Wave) 

01 5tC. ■*&mK.%Z>¥mfo i ?*-< X©^6©H*fe© 
JB»©»fiSBI*iiV$-. HI 5 (A) Ktt. SAW©£K1 
H*.'iai5 (B) tc«. -€-©B-B' Br®0€r-?-n-e 
ft***. SATO, USUI. ^tfttJRl 1 2, A* 
13MHi*lil Ufclii. SAWtt. A 
t>W&\ 13H, Wa««##A2J3ft-&£. SAW 
©7 * A-*«Fttlc J: 0 . mB.<om^f»W3WM 114* 

[0 048] ¥##8 1 12(3:, *&^14i£2g#-C#> 0 . 

Bm>*c f#i*n i2iir«, «*. 

»4KCo, Nif) ^o«B»oor«>it>. eft 
6©*^{c*ii»-c fc. SBi EcO'SB 2 ©JtMro&fltTttiP! 

Lfccfc^K. ¥ig#Jll 1 2©»iBtl4i. tfil 1 

i. a^usi i3. a^msi i4©*m<b«\ mm 

[0 04 9 ] (6) *©flb©|£flj 
#*69itt. #@©B7&iffi*-C^a«:^fitr 5 C £ 

mm-ch*>„ ■€•©!». sjMt«^-r*»i©»^-sa»© 
itett^iot, ±j«©tm*jas»wur 
charts. ^e>(c. a»©«3H©h^>i?^4r*a 

[0050] s Aw©ffe, %mm&s Hfffts 

■9-. 55f^*>^©ssn2>-9-{cjSffl-rscit>-c* 
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-r£C£#r£&„ -e©tt. Wfo*©IS»*«JBfiS;$<aS 
c£t\ KJ2;i>^r©¥^^'<^;*^©i£fliaraijji6 
rS)-5.„ 

[0 05 1 ] ^^7=^V^SO*SJl©A^3, 

10 tmi U-C. *aW**ZnOSr^-XiurS7C**K 
'^tSW^M^, CfttC|Ee>ft-54>©-C«:&t,»„ 

*i&jytai2©i8«©^iB-ctt. s«±(c^+* 

[0052] 

[»B©aft*] #WSCC«fc&£. ZnOfOll^Kt 
20 X«> GaN«©ndKKfHME©MRtffl-£. ft 

T«^©«a>rai»«^b«rtSft*s«i; ux^mutcc 
st. ttjw»a&yt£*R<. x#a-£ < . tg^-M 

»£*USflK:iair»iei&*t© Z n O . G a N^©^^#« 

[0 0 5 3 ] *«W«C«feSi. Wilt*. ScAlMgO 
30 * (SCAM) ft JMW Z n O K*f OTtt^BE^&J/jN 

si»ci*>6 (fto. 13%) , ^©»S±tcta«mfe 

*©ZnOaW*{mr4Ci3W-C*S. S/c. 

GCJt^T. SCAMS«±©ZnO(i, S^Rnttfl&VlK 
<, ZnOi&£||CCjat>fc©£T£C£#s-C££. * 
fc. **W«cJ:4i. M!*iWBmT*4Zn04. 
2HJi^i|iS^tt© S C A M»^£ 5CiT, 

(c, 'vra«jS7 r ^''(^©1±fife^U<r6j±-r-2>C<i:*5 
^©®1[©^©©— gpx«±5Ptcoc»r, jMBftrtW** 

[0054] */c. xmaz \- Jisisxzmic&mrz 
^Ensni//c£*©2g^jiiiii*s)A3!>^©r', x-c^5 i > 

50 Ga N-^-^©a{ttJ#feU-1f^$tJ'^7t 
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*?■ (LED. U— !f) . $iB3*ttttft? (SAW) .' 
*tl 6 ©14f?fe£ |fij± $ -if S C £ # 3 . 

m i ] ^wti&s^g&T^-w*©^ i o>mm<D& 

[0 2] ^ + *;ujl«:fflt>6ti4«aw<c««tm®- 
M±*©*Tje**«rH. 

[0 3] LnABO, CCO^TCD^S^i -C ^>*gi 
©B8{&0„ 

[04] Ln A B O 4 «r»2|s«i§<hTSS«#*sKD— Wt 

[05] Ln A O 3 (BO) . {C-3^r©«^F-3@R4-f* 
>¥a<t©W{fc0„ 

[06] #f£BjK^&:£##7^VX©!&2©^J&S©7& 
[0 7 ] ^tMIS?SMSO*iMbffilS^*^i'^SO*m 
[0 8 ] ^bStSfSMR^fbffil&^^^^^ISaoXiS 
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